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4.1, 3 Pro]ect Works

The pmJect works covered by !he D/D Study are formulaled in accordanoe wnh the lmmed:ale

Plan. The works are divided into three (3) componenls as follows:

{1) Percut River Improvement Works;

{2) Construction of Medan Floodway and Diversion Weirs; and

(3) Diversion and Improvement Works of Upper Deli River,

‘These project works are designed to mecl the requitements of not only the Immediate Plan but
also the Urgent Plan, The major works of each component are shown in Fig. 4.1.1 ared
described below.

H
i

(1) Percut River Improvement Works
Aiming at increasing the flow capacily of the channel Percut River wilt be improved
for the channel stretch of about 28.0 km (from the river mouth to the junction with
~Medan Floodway). All river slruclurcs including bridges to be affected by the river
improvement works shall be reconstructed to maintain the e_x;st_mg function of such

steuclures, : ' : :

The river improvement works is divided into two pomons the doWns{réam stretch
from the existing Titi Runtuh Bridge (P13.2K} to the river mouth and the upper
reaches from the bridge .to thé confluerce with Medan Floo-dway The river

- improvement shall mclude the foliowmg major works
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{a) Downstream Stretch from Titi Runtuh Bridge

. Project Works - Quanlity
Dike Construction including Reinforcement of Existing Dikes 13,150 m
Channel Excavation and Dredging ' B 13,150 m
Improvement of Latang River S - ' 1,241 m
Consteuction of River Struclures . ' o i

. Low Waler Revelment . . a - | 2320m
. Dike L o 2,420 m

. Groin . 9sites
- Groundsi}l -~ . o 1 sife

- Approach Step L y j 65 siles

- Jetly and Landing_ ' C oo ] psite
Reinstallation/Reconstruction of Existing Drainage Ouilx.l 2 sites
Refocation of Drainage Channel . 10 m
Relocation of Bandar Sidoras Inlake Welr S - 1 site
Reconstroction of Bridge and Approach Road 3 siles
Relocation of Kabupaten Road - o 1,985 m
Relocation of Farm Road ) _ 2,170 m
Installation of Intake Gate for Fishpond _ | 2siles

" (b) Upstream Stretch from Titi Runtuh Bridge

@)

‘Project Works  © - ' . Quanlity
Channel Widening and Straightening 15,160 m
Riverbank Protection {Wet Masonry Revet ment) : 3,300 m
Construction of River Struclures {Approach Step) o $3 siles
Bridge Protection Works : ~ | 4sites
Reinstallation of Existing Drainage Quilel . 35 siles
Reconsiruction of Bridge and Approach Road g 6 siles
Reconstruclion of Water Pipe Bridge - : 1 sile
Relocation of Water Level Gauging Station s 1 site .

Cohstru:ctio'ﬁ of Medan Floodway and Diversion Weirs

The ﬂoodway and dlvcrsmn wens shall serve for dwerlmg a parl of lhe flood of Upper
Deh Rwer mto Pemut Rwer The ﬂoodway is dessgned as an open channel with a total
length of about 3 900 m connccnng Deli River and Percut River. To contro! the flood
dlscharge in the downs!ream of Deli Rwer and to divert a parl of lhe flood mto the

floodway, diversion Well'S will be constructed at lhc Deli River Channel (Deli River

- Weir) and at the entrance of the floodway (Floodway Weir). The related works are as

: follows; .
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_ Project Works ' Quantity
Excavation of Foodway : : 3,920 m
Revelment (Wet Stose Masonry) , ' 2,585 m
Revetment (Retaining Wall) . ' x 1,035 m
Coaslruction of Groundsill (at juaction) Isite
Conslruction of Drainage Channel/Ditch : T 17820m .
Conslruction of Drainage Quilel 7 siles
Construction of Bridges (Road / Railway / Walcr Pipe / Pcdes!r!an} | 10sites
Conslruclion of Inspection Road and Tree Planting ' 7,600 m
Pactial Improvement of Batuan River ' ‘ 100m -

3 Diversion and Improvement Works of Upper. Deli River

The retarding channel situated upstream of Deli River Weir will be improved 1o
smoothen flood ﬂows for the effective dwersmn of dlscharge and lo create a space with

. better scenery and amemty for inhabitants therearound. The relalcd works are as

follows; .1
Project Works . .~ . ) Quantity
Construction of Deli River Weir - . Isite
Construction of Floodway Weir 1 site
Excavation of Embankment of Relardmg Channel ' _ 830 m
Revetnent . S 700 m
Construciion of Pedeslrian Dridge S R 1 site
Construction of Walkway . - : o 12,100 m
Tree Planting : : G "1 630m
Approach Step : . : T 7 sites

4.2  Baslc Design

Design criteria are prepared to serve the structural and hydraulic design of river improvement
works and flood control structures for the Project. The baszc concepts and procedures for the
planning and dcs#gmng are based mam]y on the "Flood Conlrol Manuai“ prepared by the
Ministry of Pubhc Works, Govemment of lndonesna, the “Techmcal Slandard of River and
Sabo" b} the Mmlslry of Conslrucuon Government of Japan and the resulls of lhe hydmloglc

lopographlc and geolechmeal surveys .

4.2.1 River Improvement

The basic design for the river channels of Percut River, Medan Floodway and Uppéf Dé.li River -

is prepared in accordance with the design conditions discussed below.

4-6
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Percut River

0

(2)

Alignménl '
The design alignment of the river course has less meandcriﬁg to provide a smooth flood

flow, while it shall conform with the existing alignmént as much as possible, A cutoff

~ channel is, in principle, not emplo_ycd because of the difficulty of land acquisition in the

urban area. In the smoothing and widening of meanders, the, folldwing‘ critecia are

apphed

(a). At bendmg secllons, the ahgnment of thc channel bank lOp m the convex side is
. set _tgack_ by 10 1o 30% of the s_l_andard channel wndth, depend_mg on the degree of
bend; | ' o | '

(b} Channel wndenmg in house- conges!ed areas is avmded as much as poss1blc to

reduce the number of houses 1o be evacuated and

(c) The maximu_m allowable degree of curvalure of the channel (curve radius from

centerling) is at least 7 times the water surface width.

Co(d) At the conflucnce and effluence of the drainage ditch and small tribularies, proper

countermeasures should be provided for protection against backwater effiect of the

ain river.

lnngi!udinai Profile

‘The longitudinal profile is shown in Fig. 4.2.1.

(a) Demgn Rwerbed

_ The dcsngn rwcrbed pmf’ lc pnmanly follows the exxstmg averagc riverbed profile
) to avoid 1mbalanccd scourmg and sedlmematmn as well as to minimize relocation
and modification of the exlslmg river structures. The raho of rwe:bcd gradient
behveen the upper and lower sireiches is basically set at less than 1 : 2 to ensure
the stability of the river channel. For the sections of river slruclures, the height of
design riverbed is determined in relation with the design riverbed slope and the
design h:gh waler leve! cons;denng Iho mlake waler Ievci for ungahon Ihe.

» foundallon height of |mpor!anl river s!ructures and S0 on.

s (b) Design _l{igh Watg; Level_ ,

“The design high waie‘r-levél_ is; in principle, not higher than the predominant

clevation of the adjoining ground or the exisling dike. In addition, the height of -
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3)

proposed dike is set within about 3.0 m to minimize the damage potential. The
design high water level is deteemined based on the hydraulic calculation menliqned

in the following scction.

Cross Section

Standard cross sections along the improvement steetch are presented in Fig. 4.2.2.

(a)

(b)

©

Channel Cross Sectlon

A wide and compound cross section with high and low water channels is pnmanly
emproycd for the Iower reaches of Percul Rwer to ensure channel s!abxhty and to
mmmuze dike helghl On the other hand, smgle lrapczmdai section without diking
is applied for the upper teaches located in urban area in accordance with the

comparalive study on the two alternatives (refer to Table 4.2.1). For slope

'stablhty, a small berm with a width of 1.5 m is prowded for the above smgte '

trapezoidal Cross section.
Side Slope

A side slope of 1 : 2 (vertical to hbrizontal) is adopted for the low water channel

to ensure bank stability. .
Cross Section at Bending Portion

At bending sections of a river channel, rises in water leVe!'ainc:I sediment deposil
are unavoidable phenomena, - Using the hydraulic parameters of the standard cross
section and a curve radius of 40 m, the maximum super-elevation of flow at a
bend is estimated 1o be about 50 cm. To lower the raised watcr level up to the
design hlgh waler fevel, the flow area of the channel is increased by setling back
the channel bank in the conve\c sm‘e by about 60% of the standard channel width,

as showu in Fig. 4 2.3.

Medan Floodway

8

Justification of Floodway Route

In the B-P Sludy, a comparalwe sludy on roule and typc of ﬂoodwa)r was mads to

decide the optimum plan As a resull the optitum plan selected |s the

trapezoid-shaped open channe! statting from Titi Kuning and j Jommg Percut River at

the immicdiate upstrea portion of the nalmnal xoad

4-8
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To justify the pr0poscd floodway route, a further comparative study was made under
the condition of current and use in the proposed arca. Thrcc (3) alternatives of
floodway route (refer to Fig. 4.2.4) were compared in ferms of consuucuon cosl (refer
to Table 4.2.2), and the Route B proposed by the F/S was proven as 1hc most adequate

floodway route cven under the curtent condition of the area.

Alignment

~The alignment is almost the ‘samc'as the one proposed by the B-P Study. OIily minor

modifications are made in the downstceam alignment of the diversion weir, (shiftcd to

northern side) and in the middle stretch (shifted to the southern side) to avoid the

difficulty of compensation.

Longitudinal Pzofile

" The longitudinal profile of the floodway channet is set, considefing the spccessﬁil

diversion of'di'scharg'e as designed and also the smooth confluence with Percut River,

"as shown in Flg 4, ‘2 S.

The water tevel for lhe dlscharges of the Inuned:atc Plan and lhe Urgen{ Plan was

calculated by using the above modificd channel bed. The results are summarized as

follows:
. . (Unit: EL m)
Section | & Grovnd Etevation i . HWLin D/D Stpdy :
(Chanacl Cenier) : Immediate . Urgent
- : - (Q=70m'A) gq 120 m’/s)
MFE 0.000 3200 30.98 : Col “30.52
MF 1.000 32.50 - 3108 30.97
MF2000_ - 3700 3123 . 3142
. MF3000 - . 39.50 . 142 ) : © 3185
MF 3.840 38.00 31.54 . 3229

The above results show that the design discharge of both the Immediate Plan and the

Urgenl Plan can safely flow down to Percut River with a high water level lower lhan

| lhe exns!mg ground elevahon T hus the hlgh water level was determmed bascd on the

Urgenl Plan,

Cross Secl:on

. is lower than the emslmg ground elevation, Ihe. ciown top is designed as the

_mamlenance road 3.0min wndlh Cross section is a single lrapezoxdm seclion having a

bcttom width of 50m and a side sIOpe of 1:1.5 (vedical to honzonlal) wnth

revelmem
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Since the upper stvetch of the Flo'odwéy (FW29 to Floodway Weir) is located in the
congested urban arca with many houses/buildings and a dense roadfrailway network, a |
double trapezoidal cross section with a smaller channel width is employed for the |
~ steetch.  Standard cross sections of a single teapezoidal (Type A) and a double

trapezoidal are presented in Fig. 4.2.6.

Upper Dell Rlver

In the ups(ream of Deli River Weir which will be conslrucled at UD12 the backwater effect
- will cause the rising of ﬂood water level. Channel lmpmvement is made only in the immediale
tipsiream side of Deli River Weir (from UDi2 to UD23 of about 850 m) by provndmg
embankmem on the right bank and by raising the elevation with cari.hﬁll on the high water -

channel (retarding channel) on the left bank,

The upstream from UD23 is affected by backwater, but no protection works are provided since |
the water level of the dcs:gn discharge is lower than the gmund e!evahon therearound. Some '
protecuon dikes have been constructed in the area between the F!oodway Weir and the Deli

River Weir, as well as the area in the right side of the Floodway Weir,

The retarding channel located upstream of the diversion weir is a vacant space at preseat,
Therefore, the channel has a high potential for utilization as a multipurpose area for waterfront

aclivities, park, sports, elc,, dljring non-flood scasons.

The IOngitudinal profile is shown in Fig. 4.2.7 and the standard cross section is in Fig. 4.2.8.

4 2.2 Rlpar!an Structures

Described in this section are the des:gn conditions for river structures and lhelr feamres in the

Project.

ike

The standard design sections of river dikes are determined according to the desigﬁ ficod
discharge, as stipulated in the "Flood Control Manual.” The standard design _c:mSS section

obtained is shown in Fig. 4.2.9,

In the lower tcach of Percut River, the exisling dikes are reinforced by heighten’ing'aﬁd
enIarging based on the river imprévénienl plan, As f(}rE the area with no diking SyStént a new
dike is built. For the upper reach, small scale embankmenl to be used for 1n5pecl:0n road is
proposed on both riverbanks. Furthermore new dikes ate pmposed for the 1mprovemenl of the

relarding channe) i in the Upper Deli River.
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Type of Dike -

The dikes along Percut River and the retarding channel are made of e_é:lh malcﬁals.'
excavated from the river channel, The excavated materials, except those in the
downstream from the Bandar Sidoras Weir, arc found suitable for dike embankment
from the geotechnical survey results. In heightening and enlarging the existing dikes,
cmbankment is made on the la_nd-side. slope of dike whose sutface is stripped by .25 an

thick as shown in Fig. 4.2.10..

(a) Crown Width

The river dikc shiould have an adequatc crown vcidth o ensure slabili.t.y against
“secpage and piping failure, and 1o setve as maintenance road for flood fighting
activilies, daily inspection and so on. In accordance with the "Flood Contro!
Manual,® a crown width of 3.0 m is applicd to the dike of river whose design '

dischargc is less than 500 m/s.

: (Eg) Slde Slope

A slope gradient of 1 2 (vertical to horizontal) is adopted for both landside and
riverside slopcs to attain slope stablhiy during flood gvenls and to prevent erosion

. _of slope surfacc by rainfall.
() Frecboard

_ Freeboard is provided to offset overlopping of ﬂoods Causcd by wave run-up or
‘set-up, super-clevation of flow at a bend, _potential dike semcment Crown
deterioration and so on. A freeboard of 0.8 m is employed for 1he dike of Percut
River and the retarding channel upstream of Deli River Weir. Th|s freeboard
corresponds 1o the discharges of between 200 m’fs and $00 m’/s according to the

"Flood Control Manual,” while it is 0.5 m for less than 200 m'/s.

Slab:llty of bmbankmcnl '

The followmg cruena are apphed to ensure the :.!ablhty and sahsfaclory funchomng of

lhe dike:

- {a) l"he. embankmenl and its foundahon shall be stable They shall not deform

' excesswcly under any load whlch may occur dunng oonstrucllon or service life,

mcludmg seismic load
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(b) . The side slopes of the dike shall be so designed to resist erosion duriig normal

river flows, rainfall and flood cvents.

- {c) Scepage through the embankment shall be controlled to prevent excessive uplift,

piping, inslability, s?ou'ghing and erosion.

(d) The CIOWNR of dike shali be ade w:th a cambcr to a!low for seitlement durmg its
hfe ' o

(¢) Extra embankient shall be provided to cope wilh the scitlement of earth dike

body and consolidation of subsurface Jayer after construction so as to keep the

- design dike crown elevations, The extra embankment shall be so designed to

increase the height of dike by 10%. In casea large settlement is anticipated due to
: consol:dauon the extra embankment shall be delermmed based on the calcutation

- tesults of scitiement,
(3)  Others
Inspection roads are provided on the dike ¢rown for river patrol and flood fighting
activities. These roads are paved with gravel, 2.5 m wide. Ditches are provided along
the dikes to collect rainwater feom dike slopes. - '
* Approach roads/steps ate provided on both Jand and river sides at an interval of about

1.0 km for the puipose of maintenance work on dikes, flood fighting activities and

daily passage of nearby residents, : o

Slope and Riverbed Protection Works
(1)  Revelment

Revelments are mainly provided to protect riverbanks from erosion and scouring due to
water flow and wave wash. The locations 1o be provided with revelment are as

follows:

(a) Along the concave 3|des of mcander bends of channc!s :
(b) At the downslream and upstream sxdes of hydraullc structures mcludmg bndges
(c) On the side stopes of the ﬂoodway channel; and

(d) At the water colhdmg fronts of nverbanks which are pmne 10 erosion.

In genera! lhe followmg !ypes of rcvelment are apphcable for the river lmprovemenl :

works
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_ To protect the toe of side sTope from scouring and degradation of the channel bed, fool
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Type of Reveimenl

Standatd Slope

Application -

(1) Wel Stone Masonry

Verticalto 1 :2,0

Small rivers/drainage channel

{2} Wet Stone Pitching

1: 1.0 or gentler

Heightof3mlo7m

(3) Wet Stone Pitching with
- Concrele Frame -

1: 1.0 or gentler

Sectlons subjected to slmn g
aclions

{4) Dry Stone Pitching (Riprap)

| 1:200r0 gentier

Height of uplo3 m

{5) Precast Coneicte Block

;1.0 0r gentler

Heightof 3mio7m

(6) Shect-piled Wall

_Verfi_cal

Widely uscd for both large and
small waterfroni struciures !

(7) Gabion Cylinder

e

1:100r gcn!lcr

Transitions of channel

Of lhés_c revelment types, the wet stone mésany. type is employed for Percut River and

Medan Floodway from the technical zequirements, availability of materials and lower

construction cost, as showa in Fig: 4.2.11 to 4.2.13. - The technical details are as

follows:

(a) A berm with a width of not less than 1.0 m is provided on side stopes longer than

10.0 m.

{b) The revetment is Embedded io an adcquale depih (0 5mor more) below the design

channcl bed.

{©) Drain pipes with filters are provided in the revetment to relicve hydrostatic

_pressure of the ground behind the revelment,

(d) Log piles are driven to support the vertical weight of revetment on sofl ground.

(e) Gabion mattress is placed at the foc portion of revelment for prevéntion'of

scouring. The top elevation of foot protection shall ¢onform to the design

civerbed. The width of foot protection is more than 3.0 m.

Foot/Riverbed Protection

~protection is provided. The top elevation of the fool' protection works is placed at the

()

dessgn rwerbed height. In case the ex:stmg charmel bed is fower than the design bed,

the foolmg is placed at the existing channel bed. The width of foot protection is more

' lhan30m

Soddmg

To ‘protect channel and dike s!opes from erosmn by ;amdmp and f!owmg water,

sodding is provided on both sides of the dtke and lhe upper portion of the riverbank.
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(4

e

Groin
The left riverbank in the downstream of Percut River is located in the concave side of a

large bénd which is prone to erosion and scouring by flood flow. Nine (9) groins are to

be prov:ded consecutively in front of the nverbank tcgclher with thc revetment, to

- prevent further bank erosmn

Groy ndsx|l

The groundsnll is to be loca!cd lOO m downslrcam from the Titi Beshl Bndge which

exists in Lhe river section suffermg degradanon. The proposed groundsil! should restore

the riverbed elevation around the hridge, which has lowered since the weir was built, to

the design riverbed and, also, (o stabilize the sibstructures of Titi Beshi Bridge and the

. revelments.,

. Since the design riverbed clevation is about 1.5m above the existing riverbed, the crest

clevation of the groundsill follows the design riverbed, resulting in a groundsill with a
height of 15 m. This groundsill is of concrete gravity type with an apron to safeguard

its own body from hydraulic force du ring flood time.

Diverslon Works

The diversion works are the Deli River Weir and the Floodway Weir, These striciures and the

channel are designed to meet the basic conditions such as hydraulic requirements, structural

stability, topographic constrainis and econoiny,

ON

Hydraulic Requirements
The conditions for the hydraulic design of weirs are as follows:

(a) The design water level in the retarding channel shall be set at EL 34.00 m for both
the Immediate Plan and the Urgent Plan,

(b} n the Immediate Plan, the discharge of 70 m'/s out of 300 m'/s is 1o be diverted

" into the ﬂoodway through the’ Floodway Dwersnon Weir and’ lhe remammg

discharge of 230 m’/s info the dmmstream channel of Deli River.

(c) In the Urgent Plan stage, the dwersmn discharge for the ﬂoodvs-'éy: will be
increased 10 120 m’/s out of 320 mYs, while the discharge for the Deli River will
be decreased to 200 m’fs._ ,‘I‘ﬁecefore. both weirs are required to _b_e‘mlodiﬁed fo

-meet the change of design discharge between the (wo stages.
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In ordinary time, the whole discharge of Deli River shall flow into its downstream
without diversion to the Floodway to maintain the current water uses in the

dowmslream area,

Premises on Weir Design

- The fixed weir type is justified as suitable for the diversion weirs. In éomplianéé_wilh

R

&)

*(fi):‘

the

above hydraulic rcquir_e;ﬁenté, the basic déisigax"is'prf_:pared based on the following

prenises:

(a)

- ®)

The le'ngt.h of the Deli River Weir is resticted due to topographic consicaint, In
desighing the weir, therefore, the crest length is fixed, then the height is édjustéd to
assure the (ie;sign diversion diséhargc. o R

An orifice is provided in the weir bcdy to enable thé lm;ﬁ .walér to flow down
towards thé downstream of Deli River.. The orifice is designed on condition that a
dischargé of 10.6 m’/s, which corrs’:sponds 1o a 95-day diséﬁarge {occurrence

- probability of 25%), is cartied with some vertical clearance ix the orifice.

Modification of the weirs, resulting from the change of diversion discharges

between the Immediate and Urgent plans, is made by adjusting the crest height of

i weirs.: The method of raising/culting the weir crest for the Urgent Plan is also

()

changed, as shown in Fig. 4.2.14.

The length of the Floodway Weir is determiined based on the channel width of the

--floodway.

Location of Weirs

{2)

©

Deli River Weir
To avoid the big diffecence of overflow depth between the two diversion weirs, the
Deli River Weir is placed at UD12, which is the entrance portion to the narrow
~ downstream from the retarding channel. |
Floodway Weir
“T'he Floodway Weir is located at the enlrance portion to the floodway, which is

abouf 40 m away from the ex isting low waler channel of Deli River.

'T‘ype of Weir

. There are three tyﬁes of ﬁi;ed weir applicable to the site, as follows:

4:15
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(a)
®
©

Gravily Type, trapezoid-shaped, ogee and sharp-crested .
Armored Dike, trapezoid-shaped and broad-crested -

Concrete Step Type (semi-concrete gravity)

Of.lhcse weits, gravily type trapezoid-shaped weir and armored earth dike type were

compared, as presented in Table 4.2.3. As a resuli, the gravity type trapezoid-shaped

“weir is proposed as the most su_itable_typc for the following téasons': j

(2)

®

The maximunm water heads are 9.8 m for the Deli River Weir and 7.5 m for the

Floodway Weir. These water heads can indhce enormous hjdrostalic force and

- uplift prcss;ure.; To rqs_ist these forces and to kecp' the structural slab}ili:ly, the weir

body should be of a rigid structure with a heavy weight. In this context, the

gravity type is preferred for these two weirs,

The gravity type trapezoid-gﬁap_ed wejr is more eqoﬁoﬁical than the armof_ed earth

. dike type in terms of construction cost.

©

)

©

To obtain a precise and safe diversion of flood flow wil_h a big overflow depih, the
trapezoid-Shaped fixed weir is prefer’red, since this type of weir has alrcady been
applied in many projects in lnqopcsia and in Japan.

Deli River Weir is provided with orifices in the weir body.- These openings can
cause the decrease of weir slability and safely.’ To ensure the weir’s stability and

safely, the gravity type is employed,

The gravity type withoul crest nappe is easy to be modified at the portion of the

weir crest for the modification from the Immediate Plan to the Urgent Plan.

Bandar Sidoras Intake Welr

(1) Exisling Condition

(a)

Weir

The existing weir is a solid oﬁérﬂ{;w slnjctﬂ're c:rossing the river aﬁd providing
infake with minimum water level for irrigation, The welr cbmp'riséé'a _ﬁmin
diversion weir, two infake gatés and scouring shuices at both sides 0f the We_ir, and
a maintenance bridge. The main diversion structure is a concrete-made ogee weir,
28.0m long (14.0 m x 2) and about 5.8 m high with a nappe-shaped crest. The

irrigalion water is diverted from the river at the intake gates and runs through box

“culverts to the itrigation chaninels on both sides of the river. The size of the box
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culverts is 2.0 m by 2.0 m in inside cross section. Al the end of the box culvert, a

control gale is provided as well,
(b) Function and Operation of Weir

Under the normal floaw condition, the weir is designed 1o maintain the water level
at about 30 ¢m above the i.wir crest. Under this 'watér level, the water depth
-~ inside the intake box culvert is kept at 1.3 m. “If the inflow to the weir increascs;
the scouring sluices ar¢ to be opened to release the excess water into the
* downstream so that. the water level at the v;'eir could be lowered to the regulated
level for irrigation, Other than this operation, the scouring sluices are periodically

opened to flush out the sediments which had scttled in front of the intake gates.
{c¢) Features of hrigation Channel

The Bandar Sidoras Intake Weir éurrt_:ntly covers a total irrigation area of
'3,451_' ha, and the arca will be.éx.panded 1o 3,’?73 ha in the future. The required
water for irrigation is 3.45 m’fs at the intake points of both sight and left sides.
. This volume will be increased 1o 3.77 m’/s in the future. ‘The irrigation channels

 are lined and trapezoid-shaped channels.
Reconstruction Plan

The existing Bandar Sidoras Intake Weir forms an obsteuction during flood time and
Causes subsj.{aniial inundation upstream. This weir, therefore, need to be reconstructed

in line with the river improvement plan.

The new weir is required to have a sufficient flow capacity for the dcsign flood .

d:scharge and to maintain the exlslmg function as an irrigation facitity. . To fulfill these

'requuemenls the construclmn of a movable weir or a i“ xed weir walh large capacity

sluice gates is ooncewable Judging from the desrgn ﬂood dlscharge of 320 m¥s, a

movable ype of weir I_S ‘essential,

Three types of gates aré‘ gén'eral]y employed for a :ivcr iweit which has the purpose of
conirollmg upstream water level for mlgahon namcly, lnﬂatable Rubber Gate, Steel
Ru!ler Gate, and Steel Tilting Gate, 'I‘o select the suuiable lype of gate, a comparative
study focusing on eperation, mamtenance and constniction cost was made (refer to

Table 4.2.4). The Inflatable Rubber Gatc is pmpo::ed in view of the following reasons: |
{1) construction and maintenance cosls are Iow, (2) operating devices are simple and

easy {0 handle and further, automatic operation for gate deflation is performied without -
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any external power source; (3) only a short time is required for mere periodical

mainfenance work; and (4) construction and operation have already been experienced

successfully in lndonesra in recent )cars

@®

Type and Locallon

~ An inflatable rubber-made dam is_employed for the intake weir. The weir is

()

-constructed on the flood channel 150 m upstream of the existing weir, since the

weir could be constructed under dry condition and the excavation of low waler

: channel should bring a smooth atigrment around the weir site; . The exisling |

{reigation channcls are exlendcd 1o the upsiream o connecl with tha proposed box

‘culverl as we!l
- Hydraulic Design of Intake Weir

: The new mlakc weis is dcs:gncd to meet the fulure 1rngat|0n pfan The hydrauhc

requirements are: (1) to diveit the ircigation requirement under the river discharge
of 4.32 m’/s corresponding to a flow of 95% occurtence pzobability a year, and

{2) to maintain the waler level of the irrigation channel by controlfling the volume

-~ of intake water with control gates at the inlet of box culvert, employing an prifice

type of intake structure,
(i) . Water Level at Control Gates

‘The boundary conditions for the non-unifotm flow calculation and results

are as tabulated below.

Ttem Left - . Right

Bourdary Condition : _

- Discharge . | 1.68mYs . 2.09m's

- Initial Water Level EL340m EL 3.80 m

- Coclficicnt of Roughness ) e S
Existing Channel 0.030 : .. D030
Connecting Channel 0.025 . 0.025
Box Culvert | oms 0015 -

Results of Calculation ' B ' '

- Qutlet of Box Culvert Water Level - BEL365m |  EL40m .

- Inlet of Box Culverl Water Level | . EL370m _EL4.0S8m

Since the waier fevel at lhe right gate |s hlgh(:r than the lefi one, the
hydrauhc calculation to detcmnnc water stages. of weir and intake facnhhes

was carried oul hy usmg the ngh! side condition.
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Crest Elevation of \Veif

The ciest elevation of weir is set at EL 4.060 m as derived from the watcr
leve} of the right control gate plus the orifice loss minus the overflow depth

of weir.
Auto-Deflation Water Level (Maximum Overlflow Water Level) -

"To be free from vibration and to avoid defo_rmation of the dam body caused
by overflow water, the overflow water depth of the i_nﬂé_tabl'_c rubber-made
dam.is limited to about 20% of the dam height. The inftalable rubber-made
dam is desigﬁgd to deflate aul_ématiéally depending on the upsteeam water

fevel.

" On the other hand, to preveht sedimentation upstream of the dam, the weir

is required to deflalc at a certain lapse of time. It should be noted that the

existing si_;ouring sluice gates have been opened once a month 10 flush out

 sediment. Therefore, to maintain the equipment of inflatable rubber-made

dam, gate operation will bc.éonducled twice a_ year as maintenance

operation. The occurrence of aulo-deflation shall concentrate in the rainy

~ season from November to December. -

" From the above, the niaximur overflow walet depth is designed according

to the struclural requirement; i.e., the ratio of water depth to dam height is

+less than 1,4 and the frequency of auto-deflation is about 10 times a year.

River diséha’rge, overflow disch_argé, water levels and the frequency of

auto-deflation are shown in the table below. - The auto-deflation water level

- cotresponding to the maximum overflow water depth is setat EL 4.87 m,

River Discharge | Overilow “Upslream - | * Frequency of -} Ratio of Water
{m’fs) Discharge | Water Level { Auto-Deffation | Depth to Dam
. (m’%s) - | (ELm) -} (timesfyear) | - Height
20 16,23 463 28 . 1,182
25 | a3y | a7 .20 1,210
30 : 26.23 - 4.80 15 L 1236
35 3123 . | 487 |- 10 | 1258 -
40 - | -3623 = 493! q - - L2277
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(iv)  Bottom Elevation of Orifice

To assure the orifice flow at the control gale, the upstream water depth shall be
morc than 1.8 times the orifi ice height. - The design bottom clevation is set at
EL 2.900 m. '

Bridge rotection Works

'lhere exist 17 bndges across Percut River as described iIn the succeeding Subsccl:on 423,
Among them, the T ollway Bndge and the Titi Runtuh Bndgc ate telatively few. They have a
longer bridge length than the design channel width and endugh frecboard between the bottom of
bridge girder and the design high waler level. Further, their piers and abutments are embedded
_ dee;:ly into the subsurface ground., Therefore, these two brsdgcs nced not be reconstructed. _
Instead, the riverbéd and side sloPc around the piers and abulmcnts arc to be pmlec!ed from

potential scouring and channel degradation.

As for the 'existing railway bridge of the Medan-Tembung Line, the bridge girder is more than
2.0 m higher than the désign high water level, but the bridge length is shorter than the design
channel width by about 7.0m, In oons'ideralion of the difficully of reconstruction of this
bridge, however, it should be left intact but the channel shall be enfarged by adopling a steep
side slope. The channel cross-section should pass the design discharge safely with a riverbed
width of 14.50 m and a side slope of 1 ; 0.6 {verlical to horizontal).  Based on this, proleclton

works are carried out by providing reveimen! for the side slope and channel bed protection,

The Nalional Railway Bridge which has a width of 28 yii'and a length of 30.2 m is located on
the national highway, Medan-Tebing Tinggi. The clearance of the bridge girder from the high
water level js about 1.5 m, but the bridge length is shorter than the required river width of
35.33 m. Since extending the bridge is not economically justified and the existing bridge does
not bring much inconvenience to the traffic on the main road, the bridge piers and abutments

are kepl intacl, but some nverbed and slope protechon works are employed

A high ﬂow vclocny of 3.5 mfs is esumated as the des:gn dlscharge pass through lhe section of
the bridge, which may bnng heavy scourmg at and around the plers and abutmmls Therefore,
protection works are requared with concrete wall for the tiverbank and concrele blocks for the
riverbed, In des:gmng the concrete wall an appropr:ate distance from-the emslmg piles shall
be kept to avoid any struchural impact to the cmstl_ng struclures. Revetments of wel stone

masonry are also provided with adequate distance for both up and downstream riverbanks;
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Dralnage Outlet

‘Rwer improvement works such as channel e‘ccavauon widening and diking usua!ly affect lhc :
drainage system around the river channel and it is anticipaled that the excavation and channel
wxdemng will slightly affecl the outlet struc!ures, while dikmg wﬂl change the dramage
cundltion in lhe adjacent arca, Bes:dcs the capacuy of the exlstmg drainage outlet is nol
adequate for the slandard of dramabe lmprovmlenl as {‘arncd out for Deli Rwer and It3:

lnbulanes under MUDP ll

‘Therefore, the drainage improvement will focus on the outlet portion, i.¢., the stuice connecling
to Percut River and Medan Floodway.: . Since the inspection roads will be constructed in
succession along the riverbanks, the sluice is required to be modificd to either a box culvert or

a plpe culverl cmbeddcd in lhe nverbank

In accordance wuh the IOpOgraphlc condmon of the dramage area, the lype and method of

sluice are proposed as fol[ows

(1) Gravity flow is prin_cip'all)} eh\ploycd to avoid the big O&M cost 1o be brought by a

pumping station.

(2)  Where the désign high water level is higher than the ground elevation of the drainage
area, a control gate is employed for the sluice to stop the reversc flow from the
river/floodway. No gate is provided for the sluice whete the design high water level is

lower than the ground elevation.

(3).  Sluices o be placed close to each other are combined to a cerlain size of box/pipe

culvert to reduc» the number of structures in the riverbank,

(4) Incase lhe lands&dc area is low in ground e!evatmn s:de ditches are provided along the

proposed dlke,fmspect{on road to diain m{and waler.

{5) Bither type of.sl'ﬁicia; box cuh}erl or pipe could be classified according to the drainage

dlscharge having a flow velocnly of 2.5 m’/s to 3.0 m¥s, as below:

Type ' DEafW:'dzh -If:ig,hl © Quantity Flow Arza Design Discharge

: {n) {m} (') ()
Pipz Culvert - 0.500 - 1 0.283 0.707 - 0939
. : 0500 . - 1 0.502 0989 - 1748
1.000 . - 1 0.785 1758 - 2,748
0.500 . .- v 2 1.005 2,748 - 33517
: 1.000 - C 2 1570 ° 3517 - 5495
Box Culvert 1.500 - 1500 ¢ H S 23250 . 5A495- 73715
2,000 1.500 1 3.000 - 7875 -10.500
2000 2.000 3 4000 ]0.500 14.000
2.000 2000 .2 8000 14.000 - 28.000
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Through the basic design conditions, the structural dimensions of all the ‘42 sliices are

estimated, as shown in Table 4.2.5.

Walerfront Faci!itles

The Dell and Percul rivers are fealured as urban rivers Wthh serve not only lhc ﬂood control
purpose in flood events but also the’ purposc of water supply tor |rngatmn fi shponds and
factories located anng them. Bes:des thesc purposes the rivers servc for dmly waler use of
!t}cal residents lwmg in the adjacent areas. As olhcr simitar pro}ects in this counhy mdicalc
* river improvements have prqduad good effects in promoting or developing the environmental
functions $u'ch as Ihc'realiz;al'ion of hygienic lving envitonment, the improvement of tiver water
qualily, and th creation of better scenic view and pfeasanl open space. '
Taking thé above situations inte consideration, structures or faéiliﬁcé. which caﬁ contribute 10
the realization of the said functions are provided and designed a’ppropriat.ely' as .nmch' as
pbssib!e in the planning of river improvement. As proposed, Wa!érfronl_ facilities are prdv_id'cd
in the following areas: - |
(1) Retarding Channel of Upper Deli River (Zone C, Walerfront Zone)
The ‘retarding channel in the Upper Deli River which is located upstream of the
- proposed diversion welr, is ulitized for waterfront activities, sporls andfor other

recreallonal purposes during non-flooding’ penod

According 1o the hydrological study, the frequency of low water runoff diécharges in

the Upper Deli River and ils corresponding water levels were éstimated; as follows: - E

Retura Period Discharge = Water Level
“(year) R (V5 (BLm)
1 L 334 . 3252
2 120 : 3229
5 . 95 3186
T A 3.1 :

(Note) At Station UD14.000. .

To determine the elevation of the retarding area of the channe}, the following criteria

were adopted:
Zoning " tnundation - Area - Utilization Plan
o - O¢turrence s {ha) L
Zong A “ 1 timedyear . 184 . ¢ “Park Area & Sporis
Zone B 10 times/year. 2 Free Open Park Space
C L Zeng C - - Frequeat . .0.90 Waterfront / Walking -
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Land use zoning bascd on the abové criteria and schematic illustration of cross section
are as shown in Figs. 4.2.15 and 4.2,46, Besides the above, Zone D is considered as a
 residential area since this arca is located in a relatively low clevation and the newly
-excavated ma{enals from the prOposcd ﬂoodway would be availablc for the landfill

works,
2 Mcandenng Pomons of Percut River

. The hlgh watcr channel of Pcrcut chr is consulcrcd us1blc asa park pcdestrmn path
sports fi ficld and other acnwllcs The ncwly created area by cxpandmg lhe wide water
channcl at the meandenng stretch w:tl be unhzcd as frec/open park space. The area is |
not itemized for spccnf' ic utlllzanon by prowdmg grass,flawn on_the ground and

pedestrian path along !he channel, as well as access road, when requsrcd, L

Treatment of Batuan River

Batuan chr wh1ch isa small lnbulary of Deli River crosses the proposcd ﬂoodway and its
locahon 1:. shown in l“xg 4.2. l’i The catchment ared of Batuan chr whlch is mcluded in the
Dch tiver basm is small. Thcrefore Ihe runoff dishcarge is fastcr than that of the Upper Dell

River, resulting in no addmonal d:schargc to the floodway.

The improvement of Batuan River is proposcd only for the approach portion to the floodway,
to atlain the smooth confluence, with the design discharge of 16 m'fs corresponding to a

10-year return period flood.

4.2, 3 Brldges .

There are 17 bndges lo be affected by lhc lmplemenlahon of the Project; namely, 16 bridges
along Percut River and one bndge upstream of the proposed Deli River Weir on the Upper Deli
River. Of the 17 bridges, 11 are road _b;idgés_, one is a railway bridge, three are pedestrian
bridges and twq. are walér.'pipe bridges. - Through the évaluation on whether or not the
idimehsioh's' and structures of the existing bridges would meet :lhg requicements of the proposed
_jriver imprdv@meht plan', .rct‘:oﬁs.truclion, new construction or ﬁlodiﬁcalion works are proposecd,

:as preSen{ed in Fig.- 42.18.°

fConditton of Existing Bridges

' fFor the proposed iject the followmg three (3) factors were cwammed to determing whether
‘_o_r, ot the presenl condmons of the existing bridges for road, r_allway, pedestrian and water

pi peline meél the ;eqﬁ itements of the river impravement plan and construction of the floodway:
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(1) Vertical clearance between the high water level and the lowest part of the

superstructure with enotgh reservation for flood flow;

(2)  Lengthof exisling bridge Sufﬁcient’fdr the ﬁropescd widening of tiver chanﬁel; and

(3) Foundation to withstand the riverbed ¢xcavation required for (he rivee !mprovemem

The conditions of the existing bndgus were evaluatcd as shown in ’l‘ab!e 4.2.6. As a rcsult

eight road bridges, two pedesman bndg,cs and onc waler p:pelmc ate to be reconstrucled,

Futlher one pedeslnan bndgc and three water pipeline bridges are to be removcd and water

plpBS are ms!allcd on the sideiwalk of the new bndgc Moreover five road one railway, one

pedcstrlan and three water plpehnc bndge.s are to be newly construcled along the proposed

floodway. In add:llon foundation protection works ate necessary for the Tollway Bndge the

Titi Runtuh Bndge the Railway Brldge and lhe National Road Bridge.

Baslc Deslan

For the eXlSilng bndges requmng rec0nslrucuon “modifi cahon and protu:cllon works and the

11 new ‘bridges 1o be constriscted across the proposcd ﬂocdway, aside from the watcr p:pe

bndgcs of truss type demgn a basic de&gn lS preparcd w1|h typc sclection of supersuuclure

substruclure and foundation, as discussed bclow

{1) Supcrslructurc

{2) Spanand Type of Supersiructure

There are many lypes of superstructures that are applicable for the proposed

bridge sites and conditions.

‘The type that is most suilable for the condition of

bridge sile was selecled, considering the individual characleristics. In general, the

relation between type and spaii of bridge is as shown in the table below The

cross section of each slruclural Iype is as shown in Fig. 4.2. 19

- - Type Structure . Span{m) Girder Depth/Span
Meta) Steel Concrete Compasite _ 6-30 - ¥{18-1120
. Rolled Beams - . - . - 10 L 320-1025 .
Plate Girders 10 - 40 . 1720 - 1/25
Warren Trusses 30-50 - ¢ ) -
Pratt Trusses - 50-80
K-type Trusses over 80 -
Prestressed Voided Shd 620
Concrele Singh T-Beam T 12-36
Dosble T-Beani - ©15-24 -
| 1Girder - ©15-35 115 - 120
Chanael S1ab 15-30 -
: Box Girder’ - 2031 .
Reinforced Shab [ 1720
Concrete T-Beam Diass BLIE
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(b} Clearance

()

"The width of roadway depends on the intensity and volume of the existing and

. The requlred verhcal cleatancc of bridge and occupancy ratio of river flow area

by the pier installation are as follows, in accordance with the viver improvement

plan:

Vetlical Clearance 1.0 m beiween the design high water level and the bottom of
‘ bridge girder,

Occupancy Ratio | Less than 5% of occupancy ealio of flow atea of the river

channel by the pier inslallation,

Width of Roadway

: future Iraﬂlc condlllons of bridges. The w:dth of roadway is expressed in terms

of lrafﬁc lane, meaning the width réquired to accommodate one lane of vehicles.

The minimunm w;dth of roadway is 6.0 m in accordance with Ihe srandards of the

' Dlrccmrale Gencral of lhghways Mmsslry of Publlc Worka,, ovcrnmenl of

' lndonema

. In case the .widih of roadway is more than two lanes, it is desirable to provide a

central verge of at least 1.0 m in widih to sepatate the two opposing lanes. The

number of lanes in accordance with the road class is as follows:

Kind of Road Number of Lanes

National Road o 2
Provinciat Road =~ | 1.
Kabupaten Road | 1
PTP Road ' 0l

(d} Cost of Materials

The cosls of malerials of the supersiruciure were compared among the

. representative types, as shown below.

Makrial | Type. - . | Span . | wmm Cost

_ L oy | (my | (Mill, Rp)
Stesl | RolledBeams: | 3100 [ 0700 | - 334.6
- | Warren Trusses - . 31.00 - T 7.00 296.5
Prestressed  § L-Beam - 3100 700 3131
Concrele o . 1
Reinforced | T-Beiam' ] 300 700 | 1884
Concrete® o :

(Nore) + !ncludmg plets
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(e) FEase of Construction

Since experience in the construction of the three types of girders/supe-rstruc!ures,

namely steel, prestressed concrete and reinforced concrete has been satisfactory in

and around the project area, no difficulty in construction may be encountered.
However, steel and precast types of prcslressed conéreté girders are in principle
easice for river dwers:ou than the reinforced concrete girder, bccausc lemporary
works are smaller with the stecl and precast lype prcstressed concrclc girders than

the mnforced concrele gardcr
Maintenance

Less maintenance work is éxpccled for presteessed concrete and reinforced

concrete types compared to the steel lype. ‘The steel type bridge requires

' 'pciiodical paiming work to prevent 'rusting. F

A companson of bndge types was made among the Ihrec le sleel prestressed

concrete and remforccd concrete, as 10 tequnrement ease of consfrucuon construction

cost and maintenance, as shown below.

The preslressed conc:ele type of

- superstructuré is correspondingly proposed for the reconstruction and new construction

of road and railway bridges.

Presleessed

[tem Steel Reinforced
~ Concrele Cencrete
Requirement of River Basy to satisfy Hasy lo salisfy Difficult {o satisfy
Ease of Construction | Basy for river bridge | Easy for river bridge | Affect river flow
Material Cost High - Moderale S low
Mainlenance | Periodical painting | - . Easy Fasy

Substruclure

{a) Abutment

An abutment is a structure which supports one terminus of the superstructure of a
br:dge and, al the same time, laterally supports the embankment wh:ch SErves as

an approach to (he bndge For a river bridge, the abufment also protects the

- embankment from scourmg by river flow. . Bridge abu(ment can be made of

masonry, plam cont:rele and xemforoed conerete.

An abutment generally cons1sts of lhc following lluee distinct slruclural elements:

; (i)- Breast wall, which dlrectly supports thg dead load and I_iye load of the

superstruclure and retains the filling of the embankment in ils rear,

4-26
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- {ii) Wing wall, which acis és extension of (he breast wall in relaining the fill

@

though not taking any lead from superstructure.

(iii) Back wall, which is a small retaining wall just behind the bridge seat

preventing the flow of material from the fill onto the bridge seat.

The design of abmment consisls in assﬁming preliminary dimensions d8pcnd§ng on
the lype of superstructure and foundahon and chcckmg the stresses at the sqIE
levd The wing wall is cantilevered wnhoul cxtcndmg the base of breast wall for
support to accommodatc wet masonry abulment, _The_ slope of the bottom edge of

the wing is to have this edge below the level of the revetment.

Typical forms of reinforced concrete abutment are as shown below:”

7 . T RY7 ™ _ A

. Opbonat
tie back
{a) Gravily Relaining {b} Canlitever Retaining {c) Counterforted Retaining
Wall : Wail “Wall
TRIT TR 7L
_ =5
(c) Spill-Thiough (e) Spili-Throtgh Pile Tresile (D Reinforced Earth

{or Dua! Bored Piles)

In accordance with the proposed cross section of the river improvement plan, -
Abutmcnt Type (e) is selected for the bndg«,s in this Project, because the abutment

shall be embcdded in lhe riverside sl()pe provrded wnth wel masonry ‘Tevetmenls.
Appl_oach Slab |

The live load surcharge can be neglected in the design of an abutment when an

. adequalely rcmforced concrele approach slab is provided, One end of the

_ approach slab is {0 rest on the back wail of lhc abutment. Threc (3) types of

a pproach slabs are as shown below; .
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)

)

@ oy - ©

| Approach Stab Type (a) is seiecled because this type could 'bc free from the

abutment, the Ioad of road pavcmcnt over the, abu!ment could be reduced and

replacenunl of approach slab could be easier afl ter delenoratlon

~{c) Pier
The general shape and features of a pler depend to a Iargc extent on thc typc size
‘and dimensions of the superstructures and also on the envuonmemal conditions
whete the picr is located, Pier can be solid, cellvlar, trestle or hammerhead types,
as shown below:
Straight Partion - I : ; - .
{a) S1id Pier of Masonry © 1 {0} Cetivtar R.C. Piet
Bent Cup
I~ Column -
(O TiesUa ARG, Pigr K " {d) Hammerhead Typo
Solid and cellular piers are provided fdr_ river bridges to smoothen streamflow and
to reduce scouring.  Cellular, trestle and hammerhead types use reinforced
concrete and the trestle type consists of colunns (usually cncular) w1th a bent cap
at the top. : o
The Hamme:head Tyﬁe (d) is selected because of less re&;triclidn;to the river
- chanmel, ' o o
Foundation

The design of foundation is an important part of the overall design for a bridge and

affects the aesthelic, safety a_nd economy of the bridge' to a considerable extent. To

design the bridge foundation, the following factors shall be accara!ély estimated:
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() Maximum possible scouring depih_;
(b} Minimum grip length required;
(c) Soil pressurcs at the base; and

(d) Stresses in the structure constituting the foundation.

Foundation applicable _fo'r bridges are broadly classified into shallow foundation and

deep foundation. A decp foundation is defined as one whose lerigth is'greater than its )

“widih and which cannot be prepared by open excavation.

Deep foundation is further classified into pile foundation and caisson foundation, A
pite foundation is defincd as a column supporl type which may be precast or formed al
site. On the other hand, a caisson foundation is 2 member with a hollow porlion, which

after instaliation in place by any means is filled with concrete or other matexial.

‘Caisson foundation can be classified inlo open caisson and prcumalic caisson. An

open caisson is one that has no top or bottom cover during its sinking and is more

popularly known as well foundahon A pneumatic caisson is a caisson with a

permanem or h:mporary roof near lhe bottom so arranged !hat laborers can work in the

compressed air lrapped undt,r lt

The seleclton of foundauon system of a pamcu!ar size would depend on lhc condition

of subsoit and the presence of boulders, buricd tree twnks, eic. Gcnerally, the pile

fouﬁdatio'n would be suitable w}ien a thick 'slralum of soft soil overlays a hard soil.

- Pl[e foundauon may be dwuied mto lwo groups (l) foundauon with frlcuon piles, and

{2) foundauon wﬂh po:nt bearmg piles. Fnchon plles are dnven into gwund whose

sttenglh does not mcrease apprecnabky wﬂh deplh and a poml bearmg pile transfers

' prachcally all its load by end bearmg to the hard stralum on which it rests,

Approach Road “

Duie to the reconslruction of existing bridges and conslruction of new ongs, approach

“roads ate provided. The horizontal alignment inchides a straight path, horizontal
 deviations and curvcs Change in gradlenl and vertical curves are discussed under

-/ vertical aligninent of road. -

h (a) Honzonlal Alignment B

Change in dlrecllon of road ahgnmenl is ncccssary due to obllgalory poinis and

the followmg desi gn faclors for honzontal alignmenl
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(i}  Design speed;
(i)  Radius of circular curve;
(iii) Type and length of {ransition curves; and

(iv) Supcr-clevation and widening of pavement on curve.

~ - For geometric design, there are three types of curves for horizontal alignment: '

(1) circular curve, (2) spual -circle-spiral curve, and (3) spiral-spiral curve. Shape

~ of curve on blg radius and smali langent angle of section’ mlerpcml shall be in

acoord_ance with the table bel_ow.

Design Speed Mm C\me
— {km/houd) . Radius
320 2 i 2,000
100 = 1,500
80 2 1,000
60 2 700
50 2 449
40 = 300
I T T 180

Source:  Standard Specifications for Geomelric Besignof -
o Reial Hrg?ma)s C

" For curves wnh radius less lhan the ab{we spiral- curve- splral is apphed For

C )

curve length of less than 20 ni, the shape is splral splral

‘ Verhcal Ahgnment _.

_To altain a smooth vehicle movement on the road the change in grade should be

smoothened out by vertical curve. The vcrllcal ahgnmenl is ihe elcvanon or

prof:le of the cmterlme of thc road and it cons:sts of grade and verllcal curve, The

vértical ahgnment mﬂucnce.s vehlcle Speed accelerahon dece!cranon stopping

dxstance and comfort m vehacle movemem at hlgh Speeds

Based on lhe evaluvation on types and dimensions of supcrstruclurc, subs1ruclure an(l

foundation of bridges, a preliminary design is prepared for the brldges sub_;ecl lo reconshuchon

and riew construclion, as presented in Table 4. 2.7.

Rallway Bridge

A new bridge is required for the railway, Medan-Deli Tua ‘.Line, which will be cut by the

proposed floodway. Two types of bridges are compared in terms of construction mc'thod' cost

and ope:allonjmamtenance, namely prestressed concrete single 1-Girder and warcen truss steel,

since the former is selected for all road and pedestrian bndgcs in %he ijocl and lhc lalter has

been oftenly apphed for the ratlway in Norih Sumatea Province.
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The cornparatwe study, as presented in Table 4. 2 .8, shows that the prestressed concrete smgle
1-Gleder bridge is superior (o warren lruss steel bndge The construction cost of the. former is
only 65% of that of the latter because the steel members of the truss structure shall be
imported. Mamtenance works such as painting ol' steel membecs are also indispensable fora

~ long and good operation.

4.3  Project Evaluation -

4, 3 1 COndltions for the Evaluation

Pro;ecl evaluation is mainly camed out from the £conomic pomt of view, lakmg socsal and -
envuonmental condmons into account.” The economic evaluahon at this stage is made, bascd
on the B-P Sludy, by using presenl pnc»s and number for eqmpmcnl and matenals in lhe

pro;ecl cost and for assets 10 be damaged by flood

The ec0nonuc evalualu)n is conducled by lhe ECOnOnIlC lntcrnal Rate of Relum (EIRR) usmg
pre.sent values of ecom)mic cost and benel" t of the pm_]ecl under the followmg condnmns aml

assumpllons.

1) Transfer :paymenls such as value added tax (equivatent to 10% of market prices) are

not included in the economic cost and benefit;

‘ (2) Slandard convers:on : rate of 97. 5% is apphed lo cqmpmcnt and malenals procured

' locally, bascd on export and |mpo:l slaushcs m rccent years in lndonesm

). Shadow wages of unsl-:;lled laborers are lakcn as 97% of their market prices, faking

their employment opportunity into consideration;

(4) Opportunily cost of land 1o be acquired for the project is assumed 1o be 80% based on

Ihc cxlstmg !and use in lhe objccuve area; and
sy . E(:Onomlc cost ancl benef' t do not take mﬂanon into account,

Economlc life of the prolecl (hereinafter referred to as ¥project life") is taken as 50 years after
_oomplehon of lha construcuon ‘works, and the benefit and O&M cost of the project are

assumied to occur every year during lhe progecl_llfe.
4.3.2 Economic Cost

The Project’s financial and economic costs are compared, as shown below:
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Fmanciai Cos! Economi¢ Cos!
© Project Annual Project Annual
Cosl Q&M Cost Cosl 0&M Cost
188,716 1,471 165,475 1,297

In the table above, the annuat O&M cost is assumed to be 1% of the ditect éonslruction cost,
and pariial annual 0&M cost, which is required under Ihe construction, is assumed to be

pmpomonal lo Ihc progress of construction works,

4.3.3 Economic Beneflt

: The eoonom:c benei“ t is classified into lhree (1) dtrecl effect of reduction in ﬂood damage to .
asscls, (2) rcductmn effecl of flood damage to economic activities and public facitities, and
' (3) other socio-econontic effects. Firstly, a flood damage analysis is made to assets, which ate
: composcd of gencral assets (buildings and household effccts) and agncullura] ﬁeld crops. chl
flood damage to public facdllles and eConomic aclmtles is eshmated asa funcllon of the flood
damage to general assels, Fmally, socio-economic effects of recreahon fa(:lhhcs in lhc

retarding area aré discussed.

Flbdd'bamade'ﬁ.malysl's

Flood damage Io general assets lS eshmated by usmg (1) the number of assels to be mundaled
by flood, (2) the appralsed value of assets and (3) the damage rale of mundalcd assets. On lhe
other hand, the damage to agricultural field crops is estlmaled by using (l) the atea of
inundated agricultural crop fields, (2) the production pet unit area, and (3) the damage rate of

inundated agricultural field crops.
(l.) Number and Area of Assels in Flood Prone Area

The major assels in flood-prone areas include resideniial houses, shopa, public/private
buildings (office, school, hospital, mosque/church, ete.) and agricultural crops (paddy,

uptand crops and plantation crops).

The number and area of assels 10 be damaged by ﬁoods'a'tjc based on the da_fa of the
B-P Study (Table 4.3.1) which were collectéd by mesh-map as shown in Fig 4, 3.1 '
These data were counted and measured on aenal photographs and lopographmal maps -
made in 1991, In lhc presenl D/D Study, the number of buﬂdmgs in the flood prone
area is taken to mcrease in proporhon to the increase m numbcr of houscholds in
Medan City and its surrounding areas. lis annual increase rate is assumed tobe 3.8%

for the period 1990-2000 and 3.5% after the year 2000, during the period of project
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life. The percenldge above is based on the intercensal rate, the household projection of
MMUDP and lhc population projection of the B-P Study. However, Ihe increasé rale
of damage is assumed to be 3.5% and 3.0% for lhc respectws penods because lhc
ratio of flood damage to general assels and agncullural crops is approximately

estimated at 95 5, in accordance with the B P Study

,Accordmg to lhe staushcs on agncultural food crops and planiahon estale coops in the

Sludy Area, these harvest and productwe areas have increased year by year. However,

the damage to agricultural field crops is approxumately csumatcd fo be only 5% of the '

total flood damage as mentioned above. On the other hand in reccnt years, several

_ seitlements have been construcled in open space andfor agncullural fields and it is

expected that the conslrucuon of seltlcments will commue for the umc being in
accordance with the progiess of urbanization in Mcdan Cnly Judging from these facts

the increase in agncultural ficld area during the penod of project llfe is laken into

. account in the present study

Appraised Value of Assels
An interview survey was carried out to obtain the new appraised value of buildings and
ho'useholcl effects for general households, shops and schools in the flood prone arca of

the Deli*and Percut river basins. Based on 100 samples of houséholds which were

'obtamed at random by the interview survey, the average appraised value pcr building

was estlmaled at Rp. 103mllhon for resadcnoes Rp 19.8 million for shops and

‘Rp. 156 mllhon for schools. The :otal value of goods per household was eshmaled at

Rp 5.7 ml1110n for resndences ‘Rp. 15 1 mllllon for shops and Rp. 19.4 million for

_ schools Thei increase ra!c of appraised value of school assets for the period from 1991

(Base year of the B-P Study) to 1995 was applied to the appraisal of other assels such

as offices, hosPEIaIs and mosqueslchurches.

Wilh regarcl io agrlcultural ﬁeld crops produchon (tonsfha) and prices
(Rp mllllon{wn) in 1995 were cshmaied on the basis of agucultural slahsncs and
produccr price indices in North Sumatra Provmce, Deli Serdang District and Medan

City.. The rcsults, togelher walh the appralsal of general assels, are listed in
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)

- Flood Damage Rate of Assels

The flood damage to b"uildings" household effects and ‘agri’c'ultural crops can be
estimated by applymg the respective damagc ra!cs userl in the B- P Study These

damage rates are summarized in Table 433

o In addmon to the direct fload damage to assets some cconomlc losscs, which are due;

(o the su3pen510n of busmess aclivities and road lraff' ¢ inand around lhe ﬂooded area :

7 weré considered. According to the Flood Control Manual ‘of ‘the ‘Vllmslry of

“)

()

Construction of Japan, the economlc loss in busmcss suspension (mcludmg traffic

‘ suSpcnsmn) is approximately 6% of the flood damage to general assets. Therefore, the

' :economlc Joss in business suspens:on (mcrudmg the road teafiic suspenswn) caused by

ﬂood is laken as 6% of lhe lotal damage to gcncral assets.
Summary of Fiood Damage

Under the conditions above, the damage amount is, es{imated by asset for each flood
probability, and the results are given in Table 4.3.4, The toral damage amounls are as

sunrunanzed below:

- Unit; Rop, Million

Retuen Period . Deli River . Pescul River Total .
(Year) - ' k S
P2 ' 87,739 Ry 81,739
5 120,123 18,989 139,112
12 123,856 20,995 144,851
.25 144,442 27,893 172,335
40 153,794 28,749 182,543
70 163,969 29,536 193,505
110 170,320 32,388 202,708

Avcfagc Annual Flood Damagé' |

Average annual flood damage is cstimated by usmg the total ﬂood damage above,

taking lhe oceurrence probabnh!y of ﬂood mto account ’I‘hc resulls are su mmanzed as

follows

4-34

- } Unit: Ro, Million

Reiurn Period Deli River Percut River Totdl -
{Year) - . . R

5 - 2,596 7385

12 - 9,928 9928

25 5813 10,937 16,500

40 8050 11,812 15,4562

70 9,152 11,724 21416

110 10,620 11,885 22,508
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‘In the table above, the average annual flood damage until a 12-year relurn pefiod ﬂood
for Deli River is vegarded as zero, because flood protection works corresponding to the
said teturn period are being executed at present. Taking this matter into account, the
ave-rage'annual ﬂood damage which corresponds to the Immediate and Urgcni p!ans
{25-year and 40-year frcturn per:ods) is csllmaled at Rp 16,800 milhor: and
Rp 19,462 million, respeclwely ' ' S

Averaqe Annua! Beneﬂt

After complctlon of the conslruchon works for Ihe ]mmednate and Urgent pro;ecls lhe average -

annual flood damage correspondmg to the respeclwe pro;ccts is expoctcd to be ehmmatcd ie.,

it would be gwm as an average annual benefit of the projects.

The pactial annual benel"l expected to accrue before complel:on of the construchon works is

assumed to be proporllonal o the progress of construction works by lhe same means as the

O&M cost, i.¢;, the partial benem would be approxnmalcly estimated by a ratio of the invested

construction cost to the total construct non cost,

Furlher based on the foregomg discussion, the avera ge ammal benel‘ tis expected to increase at
the annual tate of 3.5% for the penod 1990-'2000 and 3. 0% after lhal year during’ prOJecl life,
because of the increased number of general assels year by year. The annual flow of economic

beriefit, together wiih the économic cost, is given in Table 4.3.5.
4, 3 4 Economlo EvaIuatlon

Estlmate of EIRR .

The economic evaluation for the Imniediate and. Urgent plané‘is' made by comparing both
present values of economic cost and benefit using the anriual flows of the cost and benefit given

in Table 4.3.5. Asaresult, EIRR is as summatized below:

Plan Return Periogl EIRR (%) .
Immediate Plan | 25-Year 14,42
Urgenl Plan - | 40-Year - - 15.43

The percentage of EIRR above shom thal lha pro;ocl is economxcally Jusld“ iable, because the

Opporlumly cost of cap:lal is eshmated to be 10 to 12 in lndonesaa

Ser:'\sjtl_\glty Tost

A sensitivity test for the EIRR above is made for the 10% increase in economic cost and the

'10% decrease in economic benefit, -The results are given as follows:
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(Unit: %) .

 Plan 10% Inctease | 10% Decrease Combination
. : inCost(1) in Benefit (1) of {1y and (2) -
framediate Plan 13.39 13.23 12.30

Urgeanlan l4.30 : 1412 ‘ 13,50

The EIRR figures above indicate that there is no question about the eoonomic viability of lhc

pro_|ect even if both condmons the 10% increase in cost and 10% decrease in benef“ I, are

comb med

Other lmpacts - Economle Eﬂect of Recreation Park

(1}

Concept of Benefit for Recreatlon Park

. In this study, a recreation park is planned in the retarding channel immediately

upstream of the diversion weirs in the:UpperK Deli River, The retarding area is

. approximately 5 ha, 1.2 ha (24%) of which is provided as a recreation park with such

facifities as flower garden, parking area, fennis court, soccer ground, ele,

The construction . cdsl of thfs park Is estimated at 'app.roximalely Rp. 290 million,
COmposed of Rp. 151 million (52%) for tand preparation and Rp. 139 mllllon (48%)
for recreanon facnl:ue.s In the present plan only the Jand prcparauon work is included
in the project cost: Annual O&M cost is assumed to be _approxm‘ra_te]y 1% of the totat

consfruction cost,

The park is expecled to be utilized as a place for recreation of inhabitants in the
surrounding areas, However, it is difficult to accurately evaluate the cbom’m_ic benefit
of the park without a fee. Therefore, for eslimating the broad béneﬁt, the introduction
of the concept of "willingness to pay" and "consumer surplus™ as a clue is atlémpled,
That is, the visitors are regarded as having a "willingness to pay" for the time and cost

spent lo get recreation at the park vsing their surplus hme

The benefit could beé roughly esumated by usmg (1) the number of visitors, 2) the time
spent by them (including time spent for gomg to and from the park), and %) the

transportation costs. In general, the number of WSIROIS is glven as a funchon of

 distance from the park and populauon in Ihe surroundmg areas. The Spcnt hme is

presented in monetary lerm under the (:Onoep! of consumer surplus

For oblaining similar data for these fac!ofs,'an interview survey should be carried out

~at any park with similar conditions in terms ‘of location and facilities: * Actually,

. however, it is difficult to find out such a.simitar patk in and around Medan.
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Nevertheless, a broad estimate of the cconomic benefit to be brought by the park was

‘made to obtain a basic material for formulaliﬁg the management plan of the river basin

and based on some results of interview surveys in other countries, the basic conditions

for the economic cvaluation of this park were assumed, as below.

Conditions for the Estimation of Benefit

 The conditions for the estimation of bencfit are given below. = Based on these
- conditions, the average expenditure pér éapita per household is caleulated at Rp. 2,000

pcr day.

{2) Number of Visitors
The number of visitors is assumed based on land area and facilitics of the park,

and population in the surrounding areas, as follows:

Weekdays " 50 persons per day
Holidays .| 150 persons per day

(b} Number of Holidays in Indonesia

‘The number of holidays in Indosiesia is 117 days per year which contains

Saturdays, Sundays and national holidays.
{c) Hours Sf)cm for Recreation in the Park pe.f Day

The number of houss spent for recceation in the park per day is four hours in the
daytimé (i.e., half day) including transportation hours to and from the park.

(d) Average Transportation Cost
The average transportation cost is Rp, 1,000 per person-day which means fuel
expenses of car and motorcycle or bus charge.

{e) Avcrage Household Expenditure {or lnéome) per Month

The average household expenditure (or income) per month is Rp. 300,000,

) Avcrage'l{ousehold Size

The avérage household size is 5 persons.

Estimation of Benefit

~ Under the_condilions above, the annual cconomic bencfit of the park is estimated at’

Rp. 22.5 million for 15,000 visitors (person-day) in tolal, based on the concept of

*willingness to pay" and "consumer surplus” of the visitors. As a result, the economic
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benefit of land preparation work is cstintated to be Rp, 11.7 million per annum in
accordance with the allocation based on both construction costs of land preparation
and recreation facilities. This benefit is evaluated as an additional effect of the river

improvement works.
{4) Economic Evaluation of the Park

In the present study, the land preparation work for the park is scheduled to commence in 1997
and completed within the year. Taking this schedule and the project life into account, EIRR of
land preparation for the park is estimatcd at approximately 6% bascd on both pfesenl values of
cost and benefit mentioned above. Economically, this effect is niot 100 large; however, it would

have a significant socio-economic impact on the river improvement project.
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Table 4.3.1(1/4) AREA AND NUMBER OF BUILDINGS, HOUSES AND
 AGRICULTURAL CROPS IN THE INUNDATION AREA (DELI RIVER (1))

PGM

No X Y[ we| ¥FL{ PPO rcct pOT] . HS] EFA|l scf oOFf HP|  RL
' (ha)] _ (ha) --(ha) (ha)]. (ha)] (ha)| (nos)] (nos)| (pos)| (mos); (mos) (ms}
i } 9 o 25 0 [)] [} o[ 327 3 1
2 1 10 0 50 0 0 0 o 144 2 i
3 2 ] [ 0 of o o] st -
4 2 9 50 0 0 0 0 o 234
5 2 10 0 0 o o] © o] 400 1 i
6 2 il o] 25t 0O ) o] of 300 1
T 7 2 F] IR 50 0 0 0 0 39"
g2 1 0 of 25 0 o 6¢j 148
K 14 0 0 ¢ 0 [ S 2
10 2 1S of "o 0 0 o] 0] '"ﬁ
T 2 16 ) o 0 0 o 50 -
T 2 13 0 o] 0 0 o 10|
" 13 2 1% 0 0 0 0 o 160 -
3] 2 19 0 o] o 0 o 50| 3z 1
T 0 0 0 0 0 0] - 100
16 3 5 0 o] ¢ 0 0 0
I ) A ol ¢ 0 0 0
i8] 3 7 0 of © 0 of o 78
19 3 8 0 0 o 0 0 o] 300 2
20 3 9 o] o o o 0 o[ 400 2 3 2
2t 3 10 0 0 ¢ 0 0 N IEL - 1
32 3 11 ¢ 0 0 0 0 o] 400 7 3
23 3 12 0 0 0 o] o o 3z 2 "3
24 73 13 0 0 o]. o 0 o 400 4 2 - 2
25 3 - 14 0 of o] 0 0 of 400 4 5 1 1
T 26 315 0 0 0 o] o o). ab0 10| 3
21| 3 16 o - o o 0 0 o). 500 7. 3] 3
28 3 . 17 0 ol o o] of 251 ss0] 6] 3 2
29 3 ¢ 18 0 ] 0 0 of . 2s] 600 2[. 2 2
L 3 - 19 0 235 ol . o] o 314 [ 2
31 3 . 20 0 o o o ¢ o] - 700 3 3
32 3. 21 [} 0 o - o o 0| 250 :
Bl 4 3 [} 0 of o o o 5
34 3 4 0 i of. o0]. O o . as]
35 4 H B 0 o 0 o] of 100
35 4 6 -0 o 0 [ ) 0 14
37 3 9|7 o} 5o 0] 25 0 0 %[
38 EE B S 0 0 o[ o] 339 ) 2
39 4 of o] o 0 o o o] 300 4 1 !
T 40 4 ] 6] sol 0 o - of - o] 100 T !
a1 4 n o of o - o . 6] of 700 3 1 1
T 42 4 i2 0 o 0o o . 0 o[ 550 ] 4 2
T 43 4 .13 [} ) 0 of 2% o] sco 17 1 1
L 4 14 [ o o - ¢ 0] o0} 606] 38 St
45 4 15 of " 0] 0 o o]  of 70| 22 I 2|’ 1
146 4 16 0 h 0] 0 0 o] 1000] 16 5 E
47 4 T I | 3 IR o] 850 S E] 2 5
48 4 1% o] 7 of o] o o] - . o] 1000 1 3 3 2
L 49 4 19 0 of ~of - 0 o> 0] 1600] - 2 7 2 3
—s0f 4 20 0 0 o] o 0 0] 1600 3 5 4
] 4 21 o] 0 0 ) o) o] 273
K] 4 22 0 i} 0 of. o] ¢
733 J 2 0 o o o 0 of 8% 4 6
i 5" i 0 [/ 0 0 o o 1760 2 13 1
E: 4 0 0 0 0 6| " o] 400 3| ) 1
T 56 3 5 0 o o o o o] 564 ! 1
757 3 5 0 0 0 0 0 0] " 248 3 3
~ 58 s 7 0 0 0 0 [} ol 3 a3 1
39 s Bl ol 23] 251 . of 0 o] 246 2 3 3
760 5 9 N IED 0 0 0 of 257 3 1 i 1
81 5 . 10 of 25 3% o .0] 0] 423 8 (1 |
Note WP Wel Paddy ; FL 1 Farm Land ; PPO: Plan:anon Palm 01l ; PGM : Plantation Rubber ;-

- PCC: PIantahonCacao POT: Planlanon()lhcrs 8 : House; FA: Factory SC : School }
OF : Office; HP : Hospitat; RL: Mosque&.Chuuh :
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Table ' 4.3.1(2/4)  AREA AND NUMBER OF BUILDINGS, HOUSES AND -
- AGRICULTURAL CROPS IN THE INUNDATION AREA (DELI RIVER (2))
No. X Y| wp FL} PPOJ PGM| PCC} POT{ HS FA sC QFf : HP|. RL
{ha)] (haY] (ha)]  (ha)]  (ha)| (ha)] (nos)| (nos)] (dos)). (mos)] (nes)|  (nas)
62 5 11 Q 0f 0 0 [1] 0] 700 |
63 5 12 0 0 0 0l . 0f . 0] 400 i 1
64 5 13 0 0 0f 0 25 0] - 250 {
65 5 14 0 0 0 0 0 o], 400 4 1
&6 5 15 Q 0 0] O 0 0] 550 8 1}. 1
67 5 16 0 0 0 0 0 ¢ 00 3
68 5 17 0 0 0 0 [1] 0] 1000 2],
£9 5 18] ¢ 0 0 0 0 0] 1000] 4 3 1 4] -
70 5 .19 [1] ol 0 o 0 0] 1000 5 3
71 5 20 0 0 ] 0 0 o woo] . 2| 2 1 5] .
72 5 21 0 0 0 0 0 0 :
73 5 22 0 0 0 0. . 0 0
74 5 231 O Q 0 0 0. 0
75 s M 0 0 0 0 o 0 ) : ) -
76 5 1 0 @ 0 0 0 0] . 1000 1 8010 4
77 6 2 Q 0 0 0 -0 0. 408 3. 4
s & 3 0 0 0 0] -0} O] 201 HE }
ol s 4 0 0 0 [} of o] 4 ‘
8D 3 51 0 0] 35 [} of o] a2 i
81 6 & 0 0 100 ol 0 0] :
82 6 | 7 ¢ of 30 0 0 ¢ 360 5 1 q
CX] G 8 ) I ) 0 0 0] 350] 1 4
84 6 9 25 25 0 0 0 [ 115 1 1
85] - 6 10 25 5] 0 0 [1] 0 59 1
36 & 117 = 25 0] 0 0 -0 0] 322 e B
87 6 12 ¢ 0 0 0] . 0 o] 400]° ] {
88 [ 13 0 0 Q Q 100 0 20 .
89 6 4 [1] 0 0 0] 0 0] 350 21 1
90 6 15 0 [s] 0l 0 0 0] 350 3] 2 !
91 6 16 0 9] -0 0 0 0] 400 4 3 :
92 6 17 of. o 0 ] 0F - 0 700 2
21 6 18 0 0 0 0 0 0] " 100 4 3 i | 4
o4 6 19 Q 0 L) 0 0] 1000 | : R
g5 6§ 20 0 of o 0o 0 o] ‘
96 6 21 0 0 12 (1] BE)
97 6 22 0 Q] 0] 0 0 Q
98 6 23 0 ] [1} 0 0 0
99 6 24 0 o o Q0 (1} )
100 7. [} 0 0 1} ol -0 0 B
101 7 F] [1] [ ol - o [)
102 7 j]. o ¢l - o o ol 0] .
103 7 4 0 of- 0 [1} 0l 0o
104 7 5 0 Q) 100 0 ol 0 :
105 7 [3 1} 0 75 o - 0 0 &7 1 1 1
106] - 7 7 o 0 0 0 0 o] 106 | - 3 il
107 7 8 o 8] T3 0 o o[ 185 4
108 7 ¢ 25 0 73] 6] - o] O 8
169 7 0] - 0] - 25 0 4] 0] - 0 114] -
110 7 11 50 of - o [1] ol 0__-_[924_
11 7 124 0 1] ¢f.. 0]. © ol 350
2 7 13 0 - 25/ ¢ ol of:  of 300 R
113} . 1 i4 0 0 0 Q (1] 251 350 . - 4
114 1 15 0 0 1] 0 0] . 50f 150 2
1S 7 16 0 0 ) i) 0 25 1421 1
T Hé 71| o of o o _of "o .
117 7 13 1] [ 0 of . Of
118 7 19 [1] 0 0 of o0 0f
119 7 20 [1] 0 [ 0 0 0
1200 7 A1 0 0] 0 0 0 0
iy 7 22 0 0] © 0 0 0 i
122 3 1 0 [(] 0 0 0 0] 160 4 . 2
123 9 1 0 0 1] 0 ol 0] -1 2 . i T
TGTAL 25| " 350] 7 5251 23] 150] - $5032,070) 233] 154) - -39 A 126
Note: WP : Wel Paddy; FL: Farm Land ; PPO : Plantation Palm Oil ; PGM : Plantstion Rubber ; ‘

PCC : Plantation Cacao ; POT : Plantation Others ; HS : {ouse ; FA i Faclory ; SC: School; |

OF : Office ; HP : Hospital ; RL : Mosquz & Church
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Table 4.3.1(3/4)- AREA AND NUMBER OF BUILDINGS, HOUSES AND
AGRICULTURAL CROPS IN THE INUNDATION AREA (PERCUT RIVER (1)) -

X Y WP FL]  PPO| POM| PpCC| POTT M3 FA sC OF .HP

No RL
Gujf @) Gadc ha))  hal| O] fnos)| (nes) (nos)]  (nos)  (nosh|  (nos)
i | 1 i 0 0 [} 0 [ L] LI : 5] - Ei
3 1 ] 0 Q ¢ 0 0 0] 100 n $
3 1 A 0 0 ¢ 0 [ L) I 1 2
i [T D ) 0 [ o - 2
3 1 21 0 0] ¢ 0 L] 0 400 1
3 2 12 0 0 0 9 0 9] 10
i) 2 18 ) ) I 1} o 9] 1 4 | 1
L] 2 12 0 0 ¢ 0 o 9 300 7 10
$ ? 20 Q ] ¢ 0 0 9 350 4 1 1
~ 10 -2 2 o . ¢ Hil 9 L] ] 50 1
7] I ] ) M o] o o] s R ]
11 ? i) ) o © 0 ] Q 490
13 3 [ B 0 ¢ 0 [ ] 100
14 3 k4 0 ¢ 0 1] 1) k) &4
131 3 10 9 0 ¢ 0 [ 100
16 30 ) I ) ) ) ) I
1 3 12 0 ¢ 25 0 L 13 1 L
18 3 13 0 ‘0 0 9 b 73 100 R
19 -3 14 2] 1] ¢ 0 L] qQ 258
X 3 13 ) 0 ¢ "} 75 - 0 17
A 3 15 0 4] 0 0 25 - 0 50
n Y 0 0 ) oo o]0 !
23 3 18 [} 0 ° 9 0| - 0] 10 5 1 .14
24 3 1§ [ 2 ° 0 ] Q o 2 3 3
28] 3 0 0 g ¢ -0 o Q 400 k3 1 3
26 3 21 2] 0 -0 0 F13 .0 212 :
23] 3 22 0] 1] 0 0 28 0 173
28 3 2} [ 9] . 0 - 0 0 -9 400
= L] 6 3 Q 23] - 0 [ 0 41 : 2
301 Ll 1 1) 25 0 0 [ 9 124 1 A A
31 1 B ¢ 50 ¢ 0 50 ¢ 3 . .
32 4 g 0 0 o 0 b 109 36
3} 4 10 0 ] 0] . ¢ L] 199 i
3 4 L 0 0 0 0 o 109
35 { . 1n of. - ¢ 0 0 ] 100
36 4 13 0 ¢ -0 - 9 0 100
kX 4 4 0 0l o 0] 0 0 3s6 3
38 4 13 ] o] - ¢ 0 100 0] 49
¥ 4 14 4 Q R . 9 540 .
® TR Y| ) o oo 6 _ q| 16 N 7
4 4 11 0] o] - o[- 0] o - Q 500 1 | q
42 4 9 b ) ¢ 0 0 23] I . 2 2
43 4 . ) -0 4] ¢ [ e ) 12 : :
4 1 21 ) o o] 109 [) I
a5 . = 0 of o o] 75 ) D
45 4 2 0 ] 0 o] - © 9 258 2 1
L] I F] 0 [ ) ) 3 -
48 5 5 100/ L] ] ‘0] .ol @ 43
N 3 3 ) I ) D o o il | T3 i
% 5 i ol - 9 [*) R 16%
) 5 ] of ¢ ] 0 50 0] - 2
32 5 9 . [) ] 0 of .0 25 0 1 -1
3| . 5 10 0 ol [} 0 [] ] N 1
54 5 L 0 [ I 0] - 0 100
3 51 0 ) ) a ) S ) T
5 51 of el 3. «© o %) i3 3 N —
5. 5 14 0 30 Q 25 9] . 115 : :
58 5 13 0 Y 1IN 0] 3] -0 285 21 -1
5% 5. 18 0 Ly Q 7} 25 0 253 k] . | 1
| e s 0 () ) ] o| 3% B s
&) 5 it L4 0 0 Q. ] L) Ll ) ]
62 5 19 ¢ 0 ] S [ 100 0
63 $ p)j 0 D9 ) 0 13 :
&) 6 3 23 0 ] 9 0 [}
&5 6 4 50 0 0 Q 0 0 o
&5 .6 3 106 Y 9 L ] ¢ :
&7 ] 6 1% [ ) L 0 ) 86 -2 :
Gl & A o, o o % o_s 1T 1
65| - [ ] 4 0 0] . © P 25 20 1
i) 6 - 9 ) 0 9 ¢ 0 [ 40 1 4] 2 F§
7 6 1] 0 [} ° 0 100 18 . : -
(2 I 1 [ 0 0 0 o] se| e 73 T
R | 5 12 ° 0 ) [ O 73 L] L2
740 -6 13 0 5] [ IR 9] - o 175 . -1 1 1 )
758 [ 14 ) 1} [) 0 9 0 300 4 : .3
ik [] 15 0 0 Q] ¢ 0 [} 40 4 1 1 ’
b & 6 o 0 0] 0 o - 0 400 1 4 ]
73 [ XN ? 0 0 0] 0 [| 0 300 © 2 -
ik 6 8 0 [} [] K o - % [I1] .
5 7 =~ B e 76 .0 ¢ -
Note: WP : Wet Paddy; FL : Farm Land; PO : Plartation Palm Onl : PGM : Planlation Rubber ;-

POC : Plantation Caceo ; POT : Plantation Oshera (HS : Holise ; FA': Factory; SC £ School s
©OF : Office ; HP : Hospital ; RL : Mosque & Church -
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Table . 4.3.1{4/4) AREA AND NUMBER OF BUILDINGS, HOUSES AND

AGRICULTURAL CROPS IN THE INUNDATION AREA (PERCUT RIVER (2))

POC : Plantation Cacas  POT ¢ Plantation Others ; HS : House ; FA: Faclol‘)’ SC School s
OF : Otlice ; HP ! Haspita) ; KL : Mosque & Chotch

T:4.12

Mo X Y[ WP FL| . PPO] PGM| - PCCt poT|  nBs| FA sC OF HP RL
L GaY  a)]  ha)] ha)| )] (hadf (nos)|  (nos)]  (ros)|  (mes)]  (nesdi  (nos)
T 7 7 [ Bl 6 . o o[ 0 3 :
[H 7 B ) [ 0 0 D [
3] 7 4| 73 of o ) ¢ 9
84 7 5 109 ] ¢ ¢ [ 0]
55 T [ I ol o 0 [ [) 55 ]
(13 7 7 23 0| [ [ 0 DR 3 1
87 7 8 3% 5 ¢ el . o 0] 203 i
st ? E A B 0 [ 0 RS i
89 7 i ) [ 0 7
90 7 1 0 50 0 0 0 L L] ]
1) 12 [} 0 0 [} ol @ 4
$2 7 13 0 0 0 0 o 100 :
93} 7 i 35 0 0 [ [ N N -
o4 7 15 [ ¢ 0 0 o e s 1 2 ] i
93 7 16| 0 ¢ 0 0 0 4 10 - ] ]|
56 7 17 [ ¢ ¢ ) 0 D) ] 1 s
97 7 18 50 qQ 0 [ 9 0 &1 - :
93 8 ] 0 5 [} ¢ 0 0 17 7
s ] 2 0 0] o] [ [ 0 1 -
100 § 3 0 0 -0 1] [} [ )
101 ] 4 0 0 75 ol o 0 19
102 ] 5 35 25 35 o] 9 o 7 3
103 g 6 50 0 [ [ ¢ o 1w - 2 1
104 3 7 2 0 0 ) 0 o] s 4 4
105 ] [ 50 ) [ 0 0 50 2
"106 ] g ? 0 [ 0 o] 10
107 3 10 [ 0 [ 0 0] 109 =
03 g§. 1l 73 0 [ ) 0 of 16 1 2
105 [] ul B $ I i) ol 183 ] if
110 ] [E] ¢ 0 [ ol 7 o 75 €8 [ i
11 ] 14 [ BT 0 [ 75 7% _
112 g ] ¢ 0 [} [ o el Tl ] 1
in % 15 £ 0 [} 0 0| o a2 H 1
114 L] (] 0 [} [ [ [ L ] 2 :
115 9 2 0 0 [ [ [ T
16 9 H [ ) o 0] [} [} 53
7 9 4 ] B ¢ ¢ 0 ¢ n
1E 51 0 25 A [ ) 15
15 ) 3 0 0 0 [} o] _
120/ 9 7 01 0] © [ 0 of - i 1 1
121 s 8 100] 0 ) [ [ [ 4 :
1% 9 . % 3 [} ) ] [ 100 3
i $. 10 o 0 ¢ [ o oo -
124 ) ii 0 [ ¢ . 0 o - % 70 -
123 9 12 5 0 ¢ 0 [ & 208 1 3 i
126 9 13 0 0 i 0 o e )
[ B 14 0 of ¢ 0 ¢ o . .
[FH 9 H S ] [ 0 o § 150 1|
129 g 16 75 o qQ 0 [ [ Y 3
130 3 17 ol o [ 0 [ o 1 ' .
B 10 ] 0 o] 0 0 [ [ _ i )
N R 4 o ¢ [ ) 0 (1] F] 1
33 10 [} 75 0 0 ol T [
134 10 ¢ 73 o 6 0 0 of 138 T 1
135 o 7 196 8 - o 0 7 [ 67
136 10 3 107 ¢ [} 0 0 0 52(
137 16 9 £ 0 [ 0| ol © 50 ]
138 10 16 [ [ d ) 6l - 100
139 10 3] 50 0 0 ) o, %
5 D I? 5 0] 90 i o] o] - i
19 10 1 ] [} 0 o @ o 1l 1
(] 10 14 B0 0 ¢ [ FIEL 1 -
143 10 15 0 o - o & 0 o] 1A 2 )
181 10 16 5 [ o o o~ o] 2 -
143 i 3 ] 0 [ K] R
146 W 4 [ 0 [ o 0 0
19 " 5 100 [} [ [ [) I ]
148 i [3 75 [ [ [ 0 [} 8l ] 2
IS i L 6 0 [ 0 [ 3 i
15 i 3 5. 0 [ 0 0 0 1
151 12 £ [ 0 [} 0 0
152 12 K ) [ 0 0] 0 [
153 12 5| %0 3 0 of ¢ [
) ) ) [ 0 0] 0 o
153 13 3 ) [} 0 0 0 0
1% 3 5 [} of [ [ [ 0 ;
TOTAL 18] 5% 175 0] RS N ] ) 3 ) 130 T ] 3%
Note: WP Wet Faddy: FL Farm Land; PO Flantion Patm Gil ; PG ; Plartation Rubbds | i - B



1. Buildings and Househ_otd.Effecls

q

© Table 432 APPRAISAL VALUE OF ASSETS

{Unit : Rp. Million)

2. Agricultural Crops

Hem House- Item l_”roduclicn Unit Unit
No. [Kind of Asset Buildings | hold No. Crops Price Price
: Ellects (Tons/ha) | (M-Rpfton) | (M-Rp/ha) |
I Residence 10..30 370 .- | 1 {Paddy(wetland) - 4.30 0472 2.032 |
2 |shop wso| 15000 |2 Paddy (dry land) : _:2‘20‘ t oam 1039 |
3 Omcé- . 273.00| 145.70 3 [Rubber o‘s_o. 6.197_ © 0.098
:'4 School 156.00]  19.40] 1 4 {coconut o8y 0.140'_'_ o.ns‘._
s Hosp.i.!al 117.00] 23.30 5 |Paim ait 220 0%a5 . | 20m
-6 |Factory - 11700 — 43.Sﬁ .6 I?alml.cer:nel _ 032 0.553 0.177 .
7 Mosquefchur§h 58.50 a0 7 C:ac.ao. 062 z.éfn' :. LS9
. . - 3._ Tobacco 0.53 5.45;15 s
9 [Maize 242 0.200 0485
10 [Cassava 13.20 0.0}90 L9l
11 [Potato 10.10 0135 1302
i2 [peanst 114 0782 0892
13 s'o}ﬁaan 108 1.004 - 1.084
14 |Gicen pea 096 1252
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(1) Buildings . .

Table 4.3.3 DAMAGE RATE TO SUBMERGED ASSETS

Damage Rale (%)

Water Lev e! Above Floot (meter)
0,00 -0.49 0.037
0.50-0.59 0.064
1.00-1.4% 0.099
1.50-1.9% - 0137
200-2.49 0179
(2) Household Effeets
i N Tater Level Abore Floor (meteny T
Buildings C0-05 05-10 10-15 15-20 20-25 25-30 over30
Residential 0407 - 0600 0.642 0622 .. - 0683 ° 0.469% 0.690
Shop 0.251 0.448 0.543 0.561 | 0.579 - 0597 10.597
Ol‘hce et (I “0.411 - 05713 0613 - 0626 . 0632 0.632 0.632
'( : Offiee, schiool, hosp:lal faclory, mOSque churth and hosk
&) Paddy o
Unit: %) :
__________ Submergence Tlllcnng Stage - Boolmg Stage - " Heading Stage Ripening Stage
. Depth Duration 0-70 th day. 71 -87 thday: 88 - 100 th day 101 - 130 thday |
{day) (0 -54 %) (55 - 61 %) - 68 - 77T W) (78 - 100 %) |
Casz(A) ito2 10 : 70 . 30 . 5"
Over 3tod .20 80 : 80 - 20
- Plant = 5106 30 . 85, o0 30
. Height Over? 5 55 100 30
Case(B) 1lo2 6 40 H 4 .
D 75%0f 3tod 9 46 23 15
{ Plant  5toé 14 49 26 23
¢ Height Overd 16 55 30 23
Case(C) 1ltlo 4 37 2 2
: S0%of 3tod 9 42 22 4
Plant 5t06 13 45 25 6
Height . Ovér 7 15 - 50 28 6
(4) Tree Crops
Inundation Depth (m) Damage Rate (%)
0,00-0.49 5
0.50-099 10
1.00-1.49 20
1.50-1.99 40
2.00-2.49 80 -
over 2.50 100
" (5) Upland Crops
.. Inundation Depth (m) Damage Rate (36}
Deplh {m) Duranon {da) $) '
0.00-0.49 -5 as
0.50-0.99 4 6 &7
1.00 - 1.49 5-7 85
1.50-1.99 5-7 95
200-249 over 7 99
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Table 4.3.5 ECONOMIC EVALUATION OF MEDAN FLOOD CONTROL PROJECT

L Immediate Plan (Return Perlod : 25 Years) -

(Unit : Rp Million)

_H. Urgent Plan (Refurn Petiod : 40 Years)

(Unit : Rp Mitlion)

T-4-16

Year Economic Cost Economic| (BHC) Year Economic Cost Economic} (BHC)
Construction]  OM|Total (C)Benelit (B) co : Construction] OM | Tolal {C) [Benefit (B

11vys] 15,270 U] 15,270 O] -15.270] | L[ 1998] 15,270 o] 1521 1] 15,270
2{1999] 52,980 0| 52,980 0] - 52,980 2| 1999] 53,223 C0p 33223 Q] -53,223
312000] 65,248 474| 66,422 11190 :59,303 3|2000) 72,410 595 13,005 9,407 -63,598
4120011 44,193 048] 45,141 14,737 -30,404 4120011 - 47,541 | 1,268 48,809] 20,751 -28,058
52002 §319] 1,319] 22,897 21,578 5120021 3,348 1,497 4,845] - 25,351 20,506
62003 1319 1,319] 23,584 22,265 6[2003] 3,348 1,532{ 4,880] 26,726 21,845
712004 L319] 1,319 24,291 22,972 712004 1,566 1,566] 28,143 26,574
8]2005 39 1,319] 25,020 23,101 812005 1,566 1,566] 28,984 27418
| 9§ 2006 1,319 1,319] 25,771 24,452 912006 1,566 1,566] 29,854 28,288
10] 2007 L319| 1,319 26,544 ~ 25,225] [1032007 1,566 1,566] 30,749 29,183
11]2008 1,319 1,319] 27,340 26,021] 112008 1,566y 1,566] 31,672 30,106
1212009 1,319 1,319] 28,160 26841 12| 200% 1,566 1,566 32,622 31,056
13]2010 1,319 1,319] 29,005 27,6861 11312010 1,566 1,566] 33,601 32,035
1412011 LIS 1,319] 29875 28,5561 f14]201! 1,566] 1,568 34,609 33,043
1512012 1,319 1,319] 30,772 29,453] |15]2012 1,566 1,566] 35,647 34,081
1612013 1,319 1,319] 31,695 30,375] |16]2013 1,566 1,566] 36,718 35,150
1712014 1,319 1,319] 32,646 31,327 17]2014 1,566 1,566 37818 16,252
18[2015 1,319 13191 33625] - 32,306] li8]2015 1,566 1,566 38,952 37,386
1912016 1,319 1,319] 34,634 33,315] f19)2016 1,566 1,566] 40,121 38,555
20| 2017 LII9| 1,319] 358673 34,354 120]2017 1,566 1,566] 41,3251 39,759
{2018 1,319 1,319] 36,743 35.424] |21]2018 1,566] 1,566] 42,564 40,998
2212019 L9 1,319] 37,845 36,526 2212019 1,566 1,566] 43,841 42,275
2312020 L3192 1,319] 38,981 37,662 |23|2020 1,566 1,566] 45,156 43,590
2412021 1319 1,319} 40,150 38,831 j2472021 1,566 1,566] 46,511 44,945
25|2022 LIS 1,319] 41,358 40,036) [25]2022 1,565 1,566} 47,908 46,340
16]|2023 1,319 1,319] 42,5951 - 41,276 |26]2023 1,566] 1,566] 49,344 47,778
27]|2024 L3191 1,319 438713 42,554) [21]2024 1,566 1,566] 50,824 49,258
28]2025 1,319 1,3197 45,189 43,870] |2B]2025 1,566 1,566 52,349 50,783
1912026 L,319] 1,319] 46,545 45,226} |29 2026 1,566 1,566] 53,919 52,353
30]2027 L319] 1,319] 47941 46,6221 1102027 1,566 1,566] 53,537] 53971
312028 L319; 1,319] 49,37% 48,0601 [31]2028 1,566 1,566} 57,203 55,637
32| 202% L319] 1,11%] 50,861 49,5421 P2jz2028 1,566 1,566] 58,919 57,353
33| 2030 1319 1,319 52387 51,068] |33|2030 1,566]  1,566| 60,686 59,120
34| 2031 1,319 1,319 53,958 52,6319 |34(2031 1,566 1,566] 62,507 60,941
35/2032 1,319] 1,319 55577 54,258] I35)2032 1,566 1,566] 64,182 62,816
3612033 1,319 H319] 57244 55,925] $36]2033 1,566 1,566] 66,314 64,748
3702034 1,319] 1,319] 58,962 57,6431 P712034 1,566 1,566] 68,303] = 66,737
38(2035 1,319 1,319] 60,731 59,412] [38[2035 1,566} 1,5658] 70,352 68,736
3912036 1319 1,319} 62,552 61,233] 3912036 1,566 1,566] 72,463 70,897
102037 1,319 1,319 64,429 63,1101 HHO|[2037% 1,566 1,566] 714,637 73,071
41{2038 L3L%) 1,319] 66,362 65,0431 H1j2038 1,566 1,566| 76,876 75,310
4212019 1,319 1,319] 68,353 67,034] [12]203¢% 1,566 1,566} 79,182 77,616
4312040 1,319 1,319] 70,403 69,0841 1413|2040 1,566 1,566] 81,558 79,992
44} 2041 1,319 1,318] 72515 71,1861 [44]2041 1,566 1,566] 84,604 82,438
1512042 1,319 1,318) 74,691 73,372 135(2042 1,566 1,566] 86,524 84,958
162043 1319 1,319) 76,932 75,613] |46|2043 1,565 1,565 89,120 87,554
4712044 1,319 1,319 79,240 77.921] |47|2044 1,566 1,566 91,794 90,228
4812045 1,319] 1,319 81,617 §0,298] |48|2045 1,566 1,565] 94,548 92,982
4912046 1,319] 1,319] 84,065 §2,746] 1492046 1,566 1,566 97,384 95,818
5012047 1,319 1,319] 86,587 85,268] 150]2047 1,566 1,566] 100,306 98,740
5112048 1,319 1,319] 85,185 87.866] |51)2048 1,566 1,566] 103,315 101,749
52[ 2045 1,319 1,319] 91,860 90,541 [52]2049 1,566 1,566} 106,414] 104,848
332050 1319 1,319 94616 93,297] 1153|2050 1,566 1,566] 109,607 10304
5412051 1,319 1,319 97,455 96,1361 1534|2051 1,566 1,566] 112,895 111,329
3512052 1,319 1,319] 100,378 99,059 [55{2052 1,566 1,566] 116,282] 114,716
36[2053 1319] 1319] 103,390 102071] [56]2053 1,566 1,566| 119,770] 118,204
Total] 178391 [70,010248,4011 508,334 2,339,933 Total] 195,140 |83,1%2] 278,331p,736 339} 2 078,007
_ EIRR (%} 14,42 : EIRR (%o} 15.43

Discount | B/C | PV (Rp. Millien}| NPV inscount | B/C [ PV (RpMillion) NPV
Rate (%6} Cost  Benefit [Rp Million) Rate (¥5) Cost  Benefit [Rp Million)
15 ] 095 27,846 121,848 +3,998 15 1.03 | 138,459 143,179 4,720
12 1.25 1i38,801 174,041 35,240 12 1.35 | 150,856 203,812 52,936
10 1.57 {t47,348 231,513 84,164 10 1.68 | 160,582 270,512} 109,930
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